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(54) GAS CONCENTRATION MEASURING APPARATUS AND COMBUSTION FURNACE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a gas concentration 
measuring apparatus of high sensitivity hard to receive the 
effect of a coexisting component or measuring environment and 
a combustion furncace equipped therewith. 
SOLUTION: A gas concentration measuring apparatus has a 
light source 1 oscillating laser beam with an absorption 
wavelength inherent to a gaseous substance to be measured, 
means 12, 13 for modulating the oscillation wavelength of the 
laser beam oscillated from the light source by at least two 
different frequencies, means 4, 5, 6 receiving laser beams 
modulated by these modulation means and a plurality of phase 
sensitive detectros 16, 17. 19 for successively demodulating the 
modulated signals at every frequencies from the signals 
received by the light receiving means. 
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0. 0 1 H z07>7l^i»l/- If^^oaAmSt 

[0 0 5 6] 2o(Df^>^^12, 1 3tt. U- 

2^6tt»r l<D^WH«a»f <bLr 1 0 kHzC01f^> 
» ( f = 1 0 kHz ) #»n»gl 4^gfiirLD F7 

^^2tc£ppj$n, ffe^(Dif>r>^isi 3^6«» 

20tliMwiUr5 0 0 H z<D1f >T (w= 5 
0 0Hz = 0. 5kHz)«SB14^gSUrLD 
F^ -f7 r 2tcEPoJ3ti^<fc^tC3teoT(r^. 
[0 0 5 7 ] J0#^ 1 4 ^^^igJSSS 1 1 
Ji^Kf-^. 2oCD1f ^>jg^SSl 2, 13^©S& ' 

- ^m*<D&Js.nmt bp nj-r si^tc&or^. 

[0 0 5 8 ] 12, S3©ffiffiScffitfeieSl 6, 

17, 1 9lt #HS*feJl-3C7)S:7feS4 (PD 1 ) cctitl 
gl5^M/tSt$tirc^ 0 C<D^^15^2 

<D(itB&«^s i 6 . i ifrhta&mmzv-'^y 

j>VZ\ 8Sr/M/r51-»<DADSEftS9CCg|JKSnT:Ci 
WlRCfWSOfiHBWBWieSl 6, 19^ 

e>^c5ie]S§tJr >7'/a-^7 7 * )v%2 o 4i4ur 

BttWAttlSWTO - 9 6 0 4 6 -^<DttJHHiaffl»CCtet* 

[0 05 9] ^cfc. lf*ffi©S*S5 ( P D 2 ) 

WIS 15,2 ocr>(affi«SlB«SfiS 16, 17, a 
wU7 ^;U^ 1 8*»6tt4*WiaB*aftC'C ^ADS^ 
9W^n^iife^ «i|©p-/n , X7^;^1 
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8*SSUTADSfte9te>W'<*^S*rCl»*. 
»f7MO«^6 (PD3) tt. 0-^7^ 
1 8 ^ri* A D^M9 Kig8$ntC^p 
[0 06 0] 1 8li, S^tflHW^* 

[0 0 6 1 ] 7>7'^§1 lfrfcJjRiaft**-^ 
-112. 1 3*6«ft*«WRf . w©*-f>«tttA 

^^1 6CCcfcOM^2{g<Dia^2 0 kHz (2 

9 2«©J8S8ftl kHz (2w> rflBBSia. Cti6^ 
MS 5 n/c 4 (2 f + 2w) **n-;UP * 
l 8 £iioT ADSJ»S9«:as^ti4. 

[0 06 2] » 1 Ofij^ttOfflti^ 1 6 CC<^»3 2 

{Sc£>jg^£fc2 0 kHz (2f) rgs$nfct^tt * 20 

£ e Cti6**»Sn/c3^»»(s-^ (2f+w)^7 

[0 06 3] 5«C, i^(D^ttTt^(Dgf^ffl^ 
[0 0 6 4] [9BKM1] 

1. 8um<D&tmaSt (DFB) ¥»ffc W ~1f ©#14 30 
tt, aAISlOOmA, 3S-?-fig2 5°CT\ ffl^W 
-*$4mW, X'** h;Hi«2MHzOT*C^S 8 

[0 0 6 5] U-1f<D«Ra»«^-f ^^V>T8ffl« 
^AftfcJRp i nM^f7 * h $4*- F (inCaAsPINP 

d) r^Tfeu^o 

[ 0 0 6 6 ] f£^#6CD->;*7"Ar&£2o<D^^ — o 

(D«5e&tt*jaKT * *o 40 

[0 0 6 7 3 h^O*JS©fc«E>CC». ^>^" 

&ffc£Sil ItCcfcD 0. 5Hzifc«0. 01Hz©7 
>^ffi*i£A*8KcEPnJU U— Wftft*»o< 

fita^«. ( f = 1 0 kH 

z. w=500"Hz) «EA«lfcIlt*t. U— !f 
«fiKJB&#l 0kHz<fc50 0Hzr^WSft*. S 
* U fc*(D?iiKe#ttSW«««© 2 {S<D 2 0 k H z £ 

uHztc, &tsscst&&2§ 16,17 

50 



^7 x v 2?&K£SHECC U 
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[0 0 6 9] 

If > -fe ;l/cp£> N O cd^W 

fc, 1 5 0 mmt 

(2. 9 3%) tKtttfXiUtHt^fc. ttfil- 7 9 
6 7 Mm<DNO(D©iR^^ h ;I/©»J3B*S*«:BI 6 
(a) iCTjkUtCo 1,796. 673nm (5565. 843 c m' 1 )<t 1,79 
6.7i2nm (5565.721cm- 1 ) -£<D9ifflfflX* 

<om^vm 2 7c x/l t 2 7c i/l , stto>3««a)iaiE«jER 

(6. 5) <fc»*Lfc. 

[0 0 7 0] :>CCC, 1fjgfi*i I 796.673nm<D?KS 
CCBffibrtf#JU/c<S**EI6<D (b) tCTnO/c. CCD 

©tfflHWl. 3ppm-m/Hz l/2 (i:ill/c 0 
[0 0 7 1] [m&W3] 

7*il/"fe ;U*C0C O # X(D»tf 
JSSx,565.6nma«tc*4C05RiR^-^^ h^QitS'J 

0?gg5. 0 1°/o(N z ^7>X)©»'X^I}AL' 
"CfflC^Co StSJ-feJUtt. S£ 1 5 0mm k fiI2 2mm 

© A(Dffi**ffi« r *> 5 . 

[0 07 2 ] (a) ^4iCDX-<^ h 

;M*:i*asa&-cit»J Ltc^mx-$> K> . ^x^iRx-^ 
h ^©RSiC^-r ^ 4 XStft^i o 1 1, ^ B £/c, X 

[0 07 3 ] ^XvC, ifttEfi^CORJlXiSSCcHSL/ 
-CftiMU/c3B«:*H7 (b) tc^T. C<D*§£KDfI^& 

^5ppm' m/Hz 1/2 <tfFffiL/c 0 
[0 07 4 ] [JSJ6W4] 

2. 2mxKiJS2. 2mxil?19int*^ IHMtCffl 
l»/c*«?B©^^«S»Hffl«««. 2;fc£««tA*- h 

3 1 (DaSfeffllJ-C . ip30 <D«S«i««©a»rtC 2 ocDlti'J 
I33a, 3 3 b&fo&& J >J:'?lcm*)ttV» — #Off 
^3 3 a^rltl/- !f^EgS2 l*>6U-1f7£L£ 
CC AS* 0 . it«J««* ffiffl L r fHBBK 3 3b 
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^ec6r>r^4. u-if«SH»2 i*$<fcVS36S2 2« 

$6aK2 3^6>U-1f^S2 ltC«LD«I®(a#3^366 

(CO) <D@W<D5ftxK*^ hil^ttSOU— 9%«KS 
-T£ 0 *fc. u-1f«B»2 1*6«-WHK«t2 3«: 
ttLD«#t#J««#3WaS6ti. t^ffilSS2 3US 
3^22 frhOl^Jtm^t L Dft-^/#Mft^i Kg-? 
*LD«WI^«aiU C*iteJ:OU-ir«B»*« 

[0 0 7 5] «Ti^ecoaflw-2 
4©aBE«B»2 4a*J#PA3ti, mH«w©ayK*««kta 
Sti«J:9R:ftor^&. f 3 sccra 

if>^«;> ^/fu^SS^ 2 5 > y > y«3^»A 

c o wot 2^ 6 amtfc s trc c » s . 

[0 0 7 6 f JOttt JPrtCO, jBIB?fiS^:*«Br, 

[0 0 7 7] HQCCiOWSSSr^-r. B9 (a) It tt 

J:*tHMS**«U"C*4. H9 (b) Cctt. T 

DLASfiC±5«Wiama»»*<S:. M«HCCj:«jpn 

[0 0 7 8 ] *R«^«rt*e**<i:. TDLASt'OCO 

r a> * -Y a r-w-aur ^^ci *met & /c 

[0 0 7 9] [*IW5] 

>f7^M^F^4 0r*^ -e-oif-<x«, tt*I 
2. 2mx$^s2. 2mxISl9mr*-5. fHMtCffi 

4 1 ©aasfflj-c ,^40 <ommmm<omm &c 2 o<dh-»j 

143a, 43 b£ft#^5<fcMCBK9*f# k — ?7<E>lt 
ffiES 4 3 a «r/r L T jtSSSS 6 3 * 6 U — tf 36 L ££*f*3 CC 

as* u H-a9«is*a«U'rffi^©w-aiBK4 3 b 

%ffS6 3«4ftlNflPS6 0<D^3J6 1 CC 
J8»3*vci»*. «*SS6 4«»«rSP6 2K:ffittS^r 
^ii9$6 l*>63KiB«6 3CC«LD»J8Mi-^*i3il 
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IS 

^ (CO) CD@W<D^iRx-<^ h;l/Kfi©U-1f3e:*» 
®T£. ^S56 l*>6JB«Ta56 2K:&*LDfi^ 

*^<t l d m^/^mm^ t &c z l uumm^ 

[008 0] ttfe, tt«IJffl«©TflH»JK:«jftJ(SS4 5 te 
<fcCXfllftS4 6^H:^6nrc^o Mat4 7^C« 

10 mmmm4s. mm&&4 9. mtatK&o. mm 5 1 

Sji4 7(D®^CC«0^O^l^>7''J>y/B« 

K!aisa»<D-!f->^y>y«3W*Asti. SF*fx^>^ 

[0 0 8 2 ] *^«CCfeO»rfc«S«K*^lB*Si. 

20 td l a sT<Dco2tmm±&m%mm&mmicmtL 

[0 0 8 3 ] 

[0 0 8 4] **l8CC<ttitt ML/t^/cU- 

30 

[0 0 8 5 ] S/c, **SB«cJ:ti6i. -U-tf<0««iS* 

[0 0 8 6 ] $ *«?HCCj:*itt. »***3#-r 
u -If <Wt(**51-ntefl[«6C8flflt U . u -if* 

[0 0 8 7)«±(ai *»wccj:n«. ^v^^c 
[BDOffiJVftllHIi] 

[01 ] *»W©||«0fflcc«4*'^iftB[St9J««©^ 

[H3] (a) »SCH*Lr*xaME*H-«Ufct#0 
h;U«8H, (b ) « l fSO^jffiSc fCfflsHL 
tc t *<D— ^afc5MMRX^ ^ h JUi^S . ( c ) « 2 (SO 
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m. ( d ) teSMfc 2f**V'{gffi Ltc £ &<DH&«5MR 
lRX-^^ h;U»EL (e) tem&& 2f+2wrtHBt/*:£ 

[B4] 7 »J>^*#^»iR<t#<0»iRx^^ hil/S 

So 

[05] ^5R*3j^«0»JR^ ^ * h 'KUH. 

[h 6 ] ( a ) fct«fi?se*ai# u-inwBi»*tt ( t 

DLAS) CC<tS«lS^*NO^^^ h^tt«l3lS*«r 
^■T^JSH, (b) ttTDLASKiASNOaiKStffl 

[137] (a) ttTDLAS(C<t5«!|^*CO^ 

? b ^m&mz^-timmm , ( b ) bt d l a s cc 
[as] *»w©^^j®ic^^^^iasfha®»!) 5 a5c 

So 

[^9] (a) «i8(DAIfX h#*K::fottSCOi*K 

*wjffio«FBKft**-rwtt«ia, ( b ) ot8 (D*m 



(11) #120 0 1 -7 465 3 

20 

K 3-#J&-teJk 4, 5, 6-7*hy-f*-F (S 
*?S; PD1. P D 2 , PD3K 7-aUE»Jfc^ 
>h (^^7, MM?) , 8-»&i~7 K 9 -AD 

12.1 3 ••"!>■ -f>*»£» • 1 4 -tD» 

S, 15-7>7\ 16, 17. 1 9 -ffiffiSMRtftifiS 

2 0-7>7'/O-^7-fJl/^ t 21 — U 
-Ifffegg (LD^a-VLDF7^^^ h/ 
Tc^m) . 2 2 3 <«3£^ 

~? h/AD^ftS/3>t'*-f) . 2 4--MM»t& 

»tjasaai«c o«i»h 3 o - c&#mm*m7x 

2 1- U-fWH. 2 2 2 3-OT 

SQffliSS, 2 4-SB»t\ 2 5-*>^"J>y/«HB« 
2 6-COBBEtt, 4 0-^7^. 6 1 •»« 
6 2-flMfT*. 6 3 6 4 •••**«. 
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